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This invention relates to electric circuits. More par-
ticularly, but not exclusively, the invention relates to
electric circuits employing transistors and forming part
of terminal equipment for use in a communication system
of the kind in which a pilot signal is transmitted for the
purpose of giving an indication of the transmission char-
acteristics of a path between a transmitting terminal and
a receiving terminal.

In one such system the receiving terminal (and each
repeater) includes a regulator which regulates the level
of the signal, including the pilot signal, passing through
the terminal. On the output side of the regulator the pilot
signal is filtered out and used to provide a control signal
which is supplied to the regulator so as to cause the regu-
lator to effect the required correction in the level of the
signal which it passes,

In such a system, it is clearly mecessary that the level
of the pilot signal which is supplied to the path at the
transmitting terminal should be accurately maintained,
and also, if the level of the pilot signal which is being
supplied to the path at the fransmitting terminal should
vary by more than a predetermined amount from its re-
quired level, that an indication should be given and/or
a control effected.

One object of the present invention, therefore, is to
provide an electric circuit which is arranged to give an
indication- and/or effect a control in the event of the
level of an alternating current signal supplied thereto dif-
fering from a predetermined level by more than a pre-
scribed amount.

According to the present invention, an electric circuit
comprises a differencing network, means arranged to sup-
ply a direct current signal of substantially constant level
to said network, means arranged to supply an input “alter-
nating current signal to said network whereby, during
operation, said network supplies an output signal the
instantaneous level of which is dependent upon the in-
stantaneous difference in the levels of said direct and
alternating current signals, means to rectify said output
signal to provide a direct current output signal, and means
to give an indication and/or effect a control if the level
of the direct current output signal differs from a prede-
termined level by more than a prescribed amourit,

Preferably said differencing network comprises first and
second transistors, each having input, output and control
electrodes, the output electrodes of the transistors being
connected together and to a first point, and the input
electrodes of the transistors being connected together and
connected by way of a common impedance fo a second
point, and supply means arranged to maintain said points
at suitable potentials whereby, during operation, when
said direct current signal of substantially constant level
is supplied to the control electrode of the second tran-
sistor and said input alternating current is supplied to the
control electrode of the first transistor, said output signal,
which is to be rectified to provide said direct current
output signal, appears at the output electrodes of said
transistors.

An electric circuit in accordance with the present inven-
tion will now be described by way of example with refer-
ence to the accompanying drawing which shows the cir-
cuit,
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The circuit to be described may form part of equip-
ment in a transmitting terminal of a communication sys-
tem of the kind in which a pilot signal is transmitted. for
the purpose of giving an indication of the transmission
characteristics of a path between a transmitting terminal
and a receiving terminal. The circuit will, therefore, be
described for the case in which it is used in such equip-
ment, although it will be appreciated that this is not
the only use to which the circuit can be put.

The transmitting terminal includes an oscillator which
is arranged to generate the alternating current pilot sig-
nal, and the purpose of the circuit now to be described is
to enable an indication to be given and/or -a control to
be effected if the level of the pilot signal, prior to trans-
mission, differs from a predetermined level by more than
a prescribed amount.

Referring now to the drawing, the circuit comprises in-
put terminals 1 and 2 which are connected to the two
ends respectively of the primary winding 3 of a trans-
former 4, the terminal 2 also being connected to an earth
line 5. During operation, the pilot signal is supplied to
the circuit between the terminals 1 and 2, a capacitor 6
being connected in parallel with the winding 3 of the
transformer 4 tc tune the winding 3 to the frequency
of the pilot signal.

One end of the secondary winding 7 of the transformer
4-is connected to the earth line 5, whilst its other end is
connected to the base eletcrode -of a p-n-p junction tran-
sistor 8, havinig emitter, collector and base electrodes.
The collector electrode of the transistor 8 is connected
directly to the collector electrode of the similar junction
transistor 9, and also to a negative supply line 10.  The
emitter electrode of the transistor 8 is directly connected
to the emitter electrode of the transistor 9, and also to
the earth line 5 by way of a resistor 11.

The base electrode of the transistor 9 is connected to
the earth line 5 by way of a capacitor 12, and also to
a variable tapping point on a potentiometer 13." One end
of the potentiometer 13 is connected to the earth line 5
by way of a resistor 14, and the other end is connected
to the supply line 1¢ by way of a resistor 15 and to the
earth line 5 by way of a Zener diode 16.

The emitter electrodes of the transistors 8 and 9 are
also connected by way of a capacitor 17 to the base elec-
trode of a p-n-p junction transistor 18, having emitter,
collector and base electrodes, the transistor 18. forming
part of a first amplifier stage 19. The collector electrode
of the transistor 18 is connected by way of a capacitor
20 to the base electrode of ann-p-n junction transistor 21,
having emitter, collector and base electrodes, the tran-
sistor 21 forming part of a second amplifier stage 22.

Negative feedback is provided from the stage 22 to the
stage 19, by way: of a capacitor 23 and a resistor 24 con-
nected in series between the collector electrode of the
transistor 21 and the emitter electrode of the transistor
18, for the purpose of maintaining the gain substantially
constant.

The collector electrode of the transistor 21 is con-
nected by way of capacitor 25 to the base electrode of a
p-n-p junction transistor 26, having emitter, collector and
base electrodes, the transistor 26 being arranged to .op-
erate as a detector so as to supply a direct current output
signal at its emitter electrode. .

The emitter electrode of the transistor 26 is connected
to the base electrode of a p-n-p junction transistor 27,
having emitter, collector and base electrodes, the tran-
sistor 27 forming part of a buffer stage 28.

The emitter electrode of the transistor 27 is. connected
to the base electrode of a p-n-p junction transistor 29 hav-
ing emitter, collector and base electrodes. The emitter
electrode of the transistor 28 is directly connected to the
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emitter electrode of a similar transistor 39, and also by
way of the resistor 31 to the earth line 5.

The collector electrode of the transistor 2% is connected
to the supply line 10 by way of a resistor 34, whilst the
collector electrode of the transistor 36 is comnected to
the supply line 10 by way of a resisior 35.

A substantially constant bias is suppiied to the base
electrode of the transistor 30 from a Zener diode 36
which is connected in series with a resistor 37 between
the earth line 5-and the supply line 19. Connected in
parallel with the Zener diode 36 is a potentiometer 335
in series with a resistor 39, the potentiometer 38 havin
a variable tapping point which is connected to the base
electrode of the transistor 3.

The collector electrode of the transistor 29 is connected
by way of a rectifier element 48 to a point 41, the point
41 being connected to the earth line 5 by way of a resis-
tor 42 and to the supply line 10 by way of a resistor 43.

The emiiter electrode of the transistor 27 is also con-
nected to the base electrode of a transistor 44, similar
to the transistor 22. The emitter electrode of the tran-
sistor 44 is directly connected to the emitter electrode of
a similar transistor 45, and also by way of a resistor 46 to
the earth line 5.

The collector electrode of the transistcr 44 is connected
to the supply line 18 by way of a resistor 42, whilst the
collector electrode of the transistor 45 is connected to the
supply line 18 by way of a resistor 58.

A substantially constant bias is supplied to the base
elecirode of the transistor 45 from a Zener diode 51
which is connected in series with a resistor 52 between
the earth line 5 and the supply line 19. The juncticn
of the Zener diode 51 and the resistor 52 is connected to
the base electrode of the transistor 45.

The collector electrode of the transistor 45 is connected
by way of a rectifier element 53 to the point .41

The point 41 is connected to the base electrode of a
p-n-p junction transistor 54 having emitter, collector and
base electrodes. - The emitter -€lectrode of the transistor
54 is directly connected to the emitter electrode of a
similar ‘transistor 55, and also by way of a resistor 56 to
the earth line 5. The collector electrode of the transistor
54 is connected to the supply line 18 by way of a resistor
57, whilst the collector electrode of the transistor 55 is
connected by way of the winding of an electromagnetic
relay 58 to the supply line 16.

A substantially constant bias is supplied to the base
electrode of the transistor 55 from a pair of Zener diodes
59 and 68 which are connected in series with a resistor
61:between the earth line 5 and the supply line 19. Con-
nected in parallel with the Zener diodes 59 and 69 is a
potentiometer 62 in series with a resistor 63, the poten-
tiometer 62 having a variable tapping point which is con-
nected to the base electrode of the transistor 55.

The operation of the circuit will now be described mak-
ing use of actual numerical values by way of illustraticn.

As previously mentioned, the alternating current pilot
signal'is supplied across-the winding 3 of the transformer
4, and it is arranged that when the pilot signal has iis
required nominal level the peak amplitude of the signal
supplied to the base electrode of the transistor 8 is 4.3
volts. Furthermore it is arranged that the supply line 18
is maintained at a stabilised negative potential of 20 volis,
and that the Zener diode 16 and -its associated circuitry

give rise to a stabilised direct current bias of 4.0 volts at.

the base electrode of the transistor . .
Assuming then that the pilot signal is at its nominal
level, a small alternating current output.signal having a
peak amplitude of 0.5 volt is obtained at the emitter elec-
trodes of the transistors 8 and 9. This alternating cur-
rent output signal is amplified by the amplifier stage 1%
and 22, and then detected by-the transistor 26 and its asso-
ciated circuitry, to provide a direct current output signal
at the emitter electrode of the transistor 26. This direct
current output signal has a level which is proportional to
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the peak amplitude of the alternating current cutput sig-
nal appearing at the emitier electrodes of the transistors
8and 9.

The transistor 27, which presents a high impedance to
the emitter electrode of the transistor 26, then supplies
this direct current output signal, which is arranged to
have a level of 5 volts when the pilot signal is at its
nominal level, to the base electrodes of the transistors
29 and 44. The Zener diode 36 and its associated cir-
cuitry is arranged such that a direct current bias of 4.55
volts is supplied to the base electrode of the transistor 39,
and the Zener diode 51 and its associated circuitry are ar-
ranged such that a direct current bias of 5.45 volts is sup-
plied to the base elecirode of the transistor 43.

1f now the level of the pilot signal changes from its
nominal level by more than 0.1 decibel, the peak ampli-
tnde of the alternating current signal supplied to the
base electrode of the transistor 8§ will vary by 0.045 volt,
and this change will appear at the emitter electrodes of
the transistors 8 and 9. It will be noted, however, that
the change in the level of the signal at the emitter elec-
trodes of the transistors 8 and 9 is thus 9%, whereas the
change in the level of the signal supplied to the base elec-
trode of the transistor 8 is.only 1%.

Such a change will cause the level of the direct current
output signal at the emitter electrode of the transistor 27
to change by 0.45 volt; this being the amount by which
the bias on the base electrodes of the transistors 36 and
45 differ from the bias applied to the base electrodes.of
the transistors 29 and 44 when the pilot signal has its
nominal level.

If then it is assumed that the transistor 44 is non-con-
ducting, transistor 48 is conducting, and that the level
of the pilot signal increases by more than 1%, then the
bias applied tot he base electrode of the transistor 44 will
increase by more than 0.45 volt and the transistor 44
will conduct, the transistor 45 becoming non-conducting.
The rectifier element 53 is arranged such that when this
occurs a cusrent flows -through resistor 42, rectifier ele-
ment 53 and resistor 58, so developing a voltage across
the resistor 42 such that the transistor-54, which was pre-
viously non-conduecting, conducts, and the transistor -55,
which was previously conducting, becomes non-conduct-
ing. This causes the winding of the relay 58 to be de-
energised, and it is arranged that this causes an indica-
tion to be given and/or a control to be effected.

Such a change does not affect the transistors 29 and 39.

If, on the other hand, the level of the pilot signal falls
by more than 1%, the transistor 29, which was previously
conducting, becomes non-conducting, and the transistor
30 which was also previously non-conducting, conducts.
In a similar way to that previously described, therefore,
a current flows through the resistor 42, the rectifier ele-
ment 48 and the resistor 34, causing the transistor 54 to
conduct and the winding of the relay 58 to be de-ener-
gised.

In this case the transistors 44 and 45 are not affected.

It will thus be seen that the circuit operates in such a
way -that the relay 53 is de-energised in the event of the
pilot signal differing by more than 1% from its nominal
level in either semse. The circuit arrangement is also
such that in the event of the supply to the supply line 19
failing, the winding of the relay 53 is de-energised.

We claim:

1. An electric circuit comprising a differencing net-
work, means arranged to supply a direct current signal of
substantially constant level to said network, means ar-
ranged to supply an alternating current input signal to
said network whereby, during operation, said network
supplies an alternating current output signal the ampli-
tude of which is dspendent upon the amount by which
the peak value of the alternating current input signal ex-
ceeds the value of the direct current signal, means to rec-
tify said alternating current output signal to provide a
direct current output signal, and means to give an indi-
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cation and/or effect a control if the level of the direct
current output signal differs from a predetermined level
by more than a prescribed amount.

2. A circuit in accordance with claim 1 wherein said
differencing network comprises first and second transistors,
each ‘having input, cutput and control electrodes, the
output electrodes of the transisters being connected to-
gether and to a first point, and the input electrodes of
the transistors being connected together and comnected
by way of a common impedance to a second point, and
supply means arranged to maintain said points af suitable
potentials whereby, during operation, when said direct
current signal of substantially constant level is supplied
to the control electrede of the second transistor and said
alternating current input signal is supplied to the control
electrode of the first transistor, said output signal, which
is to be rectified to provide said direct curreat output
signal, appears at the input electrodes of said transistors.

3. A circuit in accordance with claim 2 wherein the
first and second transistors are junction transistors, eaci
baving emitter, collector and base electrodes.

4. Terminal equipment for use in a communication sys-
tem of the kind in which a pilot signal is transmitted for
the purpose of giving an indication of the transmission
characteristics of a path between a transmitting terminal
and a receiving terminal, including a circuit in accord-
ance with claim 1 wherein sald pilot signal forms said
input alternating current signal.

5. An electric circuit comprising a differencing net-
work, means to supply a direct current signal of substan-
tially constant value to said network, means to supply an
alternating current input signal to said network whereby,
during operation, said network supplies an alternating
current output signal the amplitude of which is depend-
ent upen the amount by which the peak value of the
alternating current input signal exceeds the value of the
direct current signal, means to rectify said alternating cur-
rent output signal to provide a direct current output sig-
nal, a low level detection circuit and a high level de-
tection circuit which are respectively formed by first and
second similar two-condition circuits each of which in-
cludes first and second junction transistors each having
emitter, collector and base electrodes, the two conditions
of each of the two-condition circuits being a first condi-
tion in which the collector-emitter path of the first tran-
sistor is conducting and the collector-emitter path of the
second. transistor is non-conducting, and a second condi-
tion in which the collector-emitter path of the first tran-
sistor is non-conducting and the collector-emitter path of
the second transistor is conducting, and means to supply
a bias to the base electrodes of the first transistors in the
two-condition circuit in- dependence upon the level of
said direct current output signal, the arrangement being
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such that the first two-condition circuit is in its first condi-
tion and the second two-condition circuit is in its second
condition when the direct current output signal has a pre-
determined level, the first two-condition circuif changes
to its second condition if the level of the direct current
output signal falis below said predetermined level by more
than a prescribed amount, and the second two-condition
circuit changes to its first condition if the level of the di-
rect current output signal rises above said predetermined
level by more than said prescribed amount.

6. A circuit in accordance with claim 5 which also
comprises a third two-condition circuit including first and
second transistors each having emitter, collector and base
electrodes, the two conditions of the third two-condition
cirenit being a first condition in which the collector-emit-
ter path of the first transistor is conducting and the col-
iector-emitter path of the second transistor is non-com-
ducting, and a second condition in which the collector-
emitter path of the first trausistor is non-conducting and
the cellector-emitter path of the second transistor is con-
ducting, and mean to apply a bias to the base electrode
of the second transistor in the third two-condition circuit
in dependence upon the conditions of the first and sec-
ond two-condition circuits, the arrangement being such
that the third two-condition circuii is normally in its fivst
conditicn but changes to its second condition if the first
two-condition circuit changes to its second condition or
the second two-condition circuit changes to its first comn-
dition.

7. A circuit in accordance with claim 6 wherein the
operating winding of an electromagnetic relay is connect-
ed in series with the collector-emitter path of the first
transistor in the third two-condition circuit, said winding
being de-energised and said relay cperating to give said
indication and/or effect said centrol when the third two-
condition circuit is in its second condition.

8. Terminal ecquipment for use in a communication
system of the kind in which a pilot signal is transmitted
for the purpose of giving an indication of the transmis-
sion characteristics of a path between a transmitting ter-
minal and a receiving terminal, including a circuit in ac-
cordance with claim 5 wherein said pilot signal forms
said input alternating current signal.
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